U. S. Department of Commerce 
National Bureau of Standards 



Research Paper RP1958 
Volume 42, February 1949 



Part of the Journal of Research of the National Bureau of Standards 



Winter Measurements of Ozone Over the Organ 
Mountains, New Mexico 

By Ralph Stair 

This paper gives data on the total amount of ozone above the Organ Mountains at 
the White Sands Proving Ground in New Mexico from December 16 to 19, 1947, and from 
January 6 to 8, 1948, as determined from solar ultraviolet measurements by a phototube and 
filter method. The measurements indicate ozone in the stratosphere in an amount equivalent 
to a layer about 0.19 centimeter in thickness at normal temperature and pressure for each 
of the two periods. 



I. Introduction 

The measurements of the total amount of ozone 
in the stratosphere over the Organ Mountains in 
New Mexico recorded in this paper represent ackli- 
tional effort toward a check between the filter 
method employed at this Bureau and those em- 
ployed by the Naval Research Laboratory in their 
V-2 rocket experiments at the White Sands Prov- 
ing Ground, New Mexico. These measm-ements 
were sponsored jointly by the Naval Research 
Laboratory and the National Bureau of Stand- 
ards. The data have been reduced in a manner 
similar to that employed for previous measure- 
ments [1, 2].^ 

During the period of the year in which these 
measurements were made the sun was near its 
maximum southern position, hence at no time 
was the mass of the column of air traversed by 
sunlight less than about 1.73 times that of the 
zenith air mass of the station. About 3 hr before 
(or after) solar noon, when the air mass was 
greater than about 3.00, the ultraviolet radiant 
energy within the ozone band, 3,000 to 3,400 A, 
was so nearly completely absorbed that precise 
measurements were considered unobtainable be- 
cause of increased dust scattering at low solar 
altitudes. Hence in the present report only those 
values for air masses less than about 3.00 are given. 

In this method for the determination of total 



1 Figures in brackets indicate the literature references at the end of this 
paper. 



ozone, the results are based on the relative spectral 
energy emitted by the sun within the spectral 
region of 3,000 to 3,400 A (see fig. 3). As a matter 
of fact, because of the high air masses'fencountered 
(hiring the winter season, wliich greatly reduce the 
solar energy of wavelengths shorter than 3,100 A, 
together with the low relative spectral response of 
the phototubes and the low ozone absorption for 
wavelengths above 3,350 A, it is only between 
about 3,100 and 3,350 A that an accurate knowl- 
edge of the relative solar-energy emission of the 
sun is required. 

It is a known fact that there are large fluctua- 
tions in the short ultraviolet emission from the 
sun [20, 21, 22], which appear to be associated 
with sun spots and other solar activity. However, 
no extensive study has been made, either of solar 
variation at these wavelengths or of ozone changes 
accompanying increases in short wavelength solar 
emission because of the difficulties involved in 
transporting precision instruments above the 
ozone layer of the stratosphere [17, 18, 19]. 
According to the records of the U. S. Naval Ob- 
servatory and the Radio Division of the National 
Bureau of Standards, there was no unusual solar 
activity during either period in which the herein 
recorded ozone measurements were made. A 
few small sun spots were present in each case, but 
no pronounced radio or magnetic phenomena 
commonly associated with excessive solar activity 
were detected. 

It is generally conceded that the photochemical 
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production of ozone occurs principally at altitudes 
exceeding 30 km [11, 12, 13], which level is above 
about 90 percent of the total ozone present at 
any time within the atmosphere. Hence, the 
major portion of the ozone at a particular time and 
place has been carried downward by air currents, 
or other means, so that any fluctuations due to 
ultraviolet solar variations would become second- 
order effects. Furthermore, the small changes in 
the total solar emission, as measured at the earth's 
surface, are indicative of the fact that changes in 
the longer wavelengths (3,000 to 3,400 A) trans- 
mitted by the atmosphere are relatively small. 
Although it is not possible, by this method or by 
any of those dependent upon ultraviolet measure- 
ments, to separate changes in the spectral quality 
of solar radiant flux from true ozone changes, it 
is believed that changes in solar emission have but 
a small effect upon the results and may therefore be 
neglected without making a serious error in the 
determination of the total amount of stratosphere 
ozone. 

II. Instruments and Methods 

In this work at San Augustine Pass in the 
Organ Mountains, New Mexico, the same two 
Westinghouse type 767 titanium phototubes (No. 
2 and 6) and the same type of amplifier were 
employed as in the previous work at Mount 
Evans, Colorado [2] in the summer of 1936, and 
in the Organ Mountains [1] in the summer of 
1947. Two new filters having transmittances 
intermediate between those for Ba-3 and Ba-1 
and between Ba-1 and Ni were substituted for 
two of the previously employed filters — Cx and 
Ba-3 — in order to keep all of the observed trans- 
mittances between about 25 and 75 percent, that 
is, within the transmission range most sensitive 
for measurement of ozone changes. 

New determinations were made on the relative 
spectral responses of the phototubes and of the 
spectral transmittances of the four filters em- 
ployed. No weight was given to any previous 
measurements. Small differences in the values 
employed are therefore the result of physical 
changes or may be credited to experimental error 
in either the former or present determinations. 
The relative spectral responses of the two photo- 
tubes and the spectral transmittances of the four 
filters employed are given in figure 1. 
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Figure 1. Relative spectral response curves for the two 
titanium phototubes; also the spectral transmittances of 
the four filters employed in this work. 

These data were obtained at room temper- 
atures, or slightly above, as affected by the radiant 
energy employed in the tests, and require a cor- 
rection if the temperature is excessively different 
for the field observations. It has been found that 
the relative spectral response of these phototubes 
changes but little with temperature over reason- 
able ranges. However, such is not the case with 
the glass filters, or of the glass envelopes of the 
phototubes. Since the phototubes are used within 
a spectral region where there is no appreciable 
absorption in the glass (3,000 to 3,400 A), changes 
in the spectral transmittance of the glass envelope 
may be neglected. For the filters, a change in 
temperature of 20 deg C resulted in a change in 
integrated filter transmittance of about 1 percent, 
in the 40- to 50-percent range, wdien the source . 
was simulated sunlight with the phototube used 
as the receiver. Approximate corrections were 
made in the case of the December 1947 measure- 
ments because of the low temperatures (about 
°C) encountered. For the January 1948 
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measurements, no corrections were made, since 
the weather was warm, being little below normal 
room temperature at the observing station. 

In this work the phototube current is amplified 
by means of a portable balanced-tube-direct- 
current amplifier and read on a to 15 microam- 
pere Weston model 440 meter. Complete details 
covering the construction and operation of the 
amplifier were given in a previous publication [2]. 
Readings are made without and with each of the 
four filters in succession. A record is made in 
which the time of day is tabulated for each set of 
readings for each filter. Measurements are usu- 
ally alternately made with two phototubes. The 
total percentage transmittances of the filters were 
calculated and plotted as a function of air mass 
for each of the days on which measurements were 
made. (See figs. 4, 5, 6, 7). 

The determination of the solar air mass as a 
function of standard time of the station is a rather 
detailed operation that must be performed before 
it is possible to interpret the filter-transmit tancc 
data intelligently. Reference may be made to a 
previous paper for details in the determination of 
air mass at San Augustine Pass [1]. 

In order to obtain a measure of the total amount 
of stratosphere ozone at the time of the observa- 
tions by this method, a solar energy curve outside 
the atmosphere is either calculated from the meas- 
urements or else assumed. For this work, the 
relative energy curve obtained and employed in 
the previous work [1] has been used without ad- 
justment. Starting with this relative spectral 
energy curve, and by a process of arithmetical 
integration (using 20 A as a unit) a set of trans- 
mi ttance curves for the four filters and two photo- 
tubes, as a function of solar air mass was calcu- 
lated. For these calculations, the Fabry and 
Buisson [3] transmittance coefficients for ozone 
and the Rayleigh scattering (atmospheric trans- 
mittance) coefficients as used by O'Brien [4] in 
the reduction of the stratosphere balloon data 
(Explorer I and //) have been used. Some of the 
ozone and scattering (transmittance) curves em- 
ployed are reproduced in figure 2. 

The method is illustrated by an example in 
table 1, which gives all the steps in the determina- 
tion of one point (air mass = 1.75) on each of the 
calculated (0.20 cm) ozone curves for phototube 
Ti-2. This table incidentally gives the relative 
spectral energy distribution for air mass, M=0, 
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FiGUKE 2. Spectral transmittance of the atmosphere in terms 
of molecular {Rayleigh) scattering and ozone absorption. 

that is, outside the earth's atmosphere; also the 
transmittances of the four filters and the relative 
spectral response of one of the phototubes. For 
further details regarding this table, reference 
should be made to previous papers [1, 2]. 

In figure 8 some of the mc^asurements made 
during the summer of 1947 [1] are reproduced, 
together with new calculations of ozone based on 
the recently determined phototube responses and 
filter transmittances. The curves shown by the 
long dashes (in fig. 8) are based on the relative 
solar spectral energy data of table 1 for M=Q. 
The curves shown by the short dashes are based 
on relative solar energy data (see fig. 3) obtained 
from V-2 rocket experiments by the Naval 
Research Laboratory [5]. Similar calculations 
with the NRL curve are shown in figures 4, 5, 6, 
and 7 for the winter measurements. 

Several things should be noted relative to the 
choice of the solar energy curve outside the earth's 
atmosphere. The NBS curve [1] was obtained by 
a phototube and filter integration method and 
may not be precise with regard to specific features, 
since the curve obtained is simply a smooth curve, 
which appears to best represent the experimental 
data. On the other hand, the NRL curve is an 
envelope of the observed spectral emission curve 
of the sun wherein the Fraunhaufer absorption 
lines and bands are neglected. If the absorption 
bands were uniformly distributed, no error would 
result. The author prefers to use the NBS curve 
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Table 1. — Method employed in the calculation of ozone values 
This example includes a single set of data for phototube Ti-2 for air mass M= 1,75 and an ozone value of 0.20 cm ntp 
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as its use results in closer agreement with the 
experimental data for high air masses relatively 
to low air masses. This characteristic is more 
pronounced in the case of air masses between 1.0 
and 1.7 (see fig. 8). For the measurements 
recorded herein, calculations based on the NRL 
solar curve indicate ozone in the amount of about 
0.04 cm greater than when calculated on the basis 
of the NBS curve. Between air masses 1.0 and 
1.7, the difference is less and ranges between 
about 0.02 and 0.04 cm (see fig. 8). 

III. Amount of Stratosphere Ozone 

In figures 4, 5, 6, and 7 are represented the 
observed data and the calculated effects of as- 
sumed amounts of ozone above the San Augustine 



Pass in the Organ Mountains for the period of 
December 16 to 19, 1947, and January 6 to 8, 1948. 
The scattering of the data, which is of the order 
of about 1 percent and corresponds to about 0.03 
cm of ozone, is probably for the greater part 
random deviation of observations. Although 
there are some indications of real ozone changes, 
they are small. According to the Weather Bureau 
reports, immediately preceding the measurements 
on December 16 to 19, 1947, polar continental 
and possibly polar maritime air had moved into 
the New Mexico area from the northwest. This 
cold air extended up to 13,000 ft on the 15th, and 
then became warm again up to 23,000 ft by the 
17th. On the morning of the 17th, the tropo- 
pause was colder and higher than it had been on 



148 



Journal of Research 



110 I 1 1 r- 



>::70 



20 



10 



-1 1 r- 



/black body 

/ 4000" K 




SUN M=0 
< STAIR 



2900 



3000 



3100 3200 3300 

WAVELENGTH , ANGSTROMS 



Figure 3. Distribution of energy in the extreme ultraviolet 
of the solar spectrum. 

The stall curve is based on previous measurements at Mount Evans, Colo., 
and at the Organ Mountains, New Mex., and is plotted in terms of microwatts 
per square centimeter per 10 A, The Ilulburt curve is in relative units and is 
based on V-2 rocket experiments made by the Naval Research Laboratory 
at White Sands Proving Ground. The curves for black bodies are plotted 
on relative scales, being arbitrarily set at 100 for 3,400 A. 

the 16th (all observations at Albuquerque, New 
Mex.). This condition continued through the 
night of the 18th, at which time a second upper 
cold front has passed the Organ Mountain area. 
Usually there was a west wind of variable inten- 
sity, being somewhat erratic on the 16th in that 
it shifted to the north and northeast during a part 



of the day. During the remainder of the 4-day 
period, there was less wind — at times none. 
There was an increase in barometric pressure on 
the 16th, followed by a gradual reduction during 
the remainder of the period. There is some in- 
dication of a decrea^se in the total amount of ozone 
during the period (see figs. 4 and 5). This is in 
agreement with other measurements, in that a 
decrease in ozone value is to be expected as an 
anticyclonic mass of air moves into a region [14]. 
The sky w^as almost cloudless throughout the day 
during the 16th and 17th. Much of the sky was 
covered by thin clouds on the 18th, so that meas- 
urements could be made during only part of the 
afternoon. There was some cloudiness on the 
19th, but most of tlu^ {\nw the umi surrounding 
the sun was clear. 

For several days preceding the ozone measure- 
ments on January 6 to 8, 1948, a mass of modified 
polar continental air had been moving into the 
Organ Mountain area. There was a continuation 
of this situation throughout most of the time of 
the observations, except that on the morning of 
January 6th the southwestern edge of a high 
]3ressure area moved into New Mexico. A light 
southwest wind w^as blowing most of the time, and 
the temperature was high for this season of the 
year. Haze, local smoke, and clouds produced 
some interference with the measurements during 
most of the day of the 6th. Clouds interrupted 
the w^ork at about 2:15 pm. On the 7th and 8tli, 
there was but little smoke or haze and no clouds 
tlu'oughout the day. The slightly higher ozone 
values observed on January 6th may be real or 
may be the result of uncorrected amounts of 
smoke and haze. 

The mean values of ozone, when all of these 
measurements are considered, appear to be about 
0.19 cm for each of the two periods. The data 
obtained with phototube Ti-6 are higher than 
those obtained with Ti-2. Any difference must 
be experimental error, since for the previous cali- 
bration of the phototubes as (employed for the 
June and July measurements [1] the data were 
the reverse in relative amount. Furthermore, the 
lack of complete agreement for the calculated 
amount of stratosphere ozone between the meas- 
urements with the four filters may also be con- 
sidered experimental error and indicates the 
degree of precision that may be expected in this 
work. 
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SAN AUGUSTINE PASS, NEW MEXICO, 1947 
PHOTOTUBE Ti-6 
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AIR MASS 

Figure 4. Amount of ozone in the stratosphere, based on 
observations with titanium phototube 2. 

[" Calculations based on the Stair solar energy curve (solid lines) and the 
Hulburt solar energy curve (dotted lines) for air mass, M=0. 
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Figure 5. Amount of ozone in the stratosphere, based on 
observations with titanium phototube 6. 

Calculations based on the Stair solar energy curve (solid lines) and the 
Hulburt solar energy curve (dotted lines) for air mass, M=0. 



150 



Journal of Research 



69 

68 

67 

66 

65 

. 64 

63 

62 

61 

5 56 

J 55 

L 

54 
' 53 

^52 

i 
I 5' 

o50 

Us 

45 

c 

^44 

J 

L. 

43 
42 
41 
40 
26 
25 
24 
23 
22 
21 



SAN AUGUSTINE PASS, NEW MEXICO, 1948 
PHOTOTUBE Ti-2 
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Figure 6. Amount of ozone in the stratosphere, based on 
observations with titanium phototube 2. 

Calculations based on the Stair solar energy curve (solid lines) and the 
Hulburt solar energy curve (dotted lines) for air mass, M=0. 
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SAN AUGUSTINE PASS, NEW MEXICO, 1948 
PHOTOTUBE Ti-6 







LS FILTER 




BA-2 FILTER 

JAN. 6 • • 

JAN. 7 O O 

JAN. 8 -V -c 



1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 
AIR MASS 

Figure 7. Ainount of ozone in the stratosphere, based on 
observations with titanium phototube 6. 

Calculations based on the Stair solar energy curve (solid lines) and the 
Hulburt solar energy curve (dotted lines) for air mass, M=Q. 



IV. Conclusion 

Although, as previously noted iii connection with 
ozone measurements by this method, the prelimi- 
nary calibrations and calculations for a particular 
phototube and filters for a particular station are 
somewhat involved, when these are once made, it 
is possible, from a set of curves, to determine 
precisely the total ozone value from measurements 
with a single phototube and filter within a few 
minutes. The simplicity and low cost of the 



equipment, together with the fact that it is readily 
portable, makes its use practical in connection with 
outlying weather stations, should ozone measure- 
ments be found useful in connection with weather 
forecasting. Certain measurements and theoretical 
considerations indicate [13,15] that total ozone con- 
centrations, and variations from month-to-month or 
day-to-day are definitely associated with weather 
changes but are probably the eft'ect of weather 
and associated air currents rather than the cause. 
If such is the case, measurement of total ozone 
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SAN AUGUSTINE PASS, NEW MEXICO, 1947. 
PHOTOTUBE, T; -6. 
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Figure 8. Amount of ozone in the stratosphere, based on 
observations with titanium phototube 6 in June and 
July 1947. 

Calculations based on Stair solar energy curve (solid lines, using previously 
determined constants for phototube and filters; long dashes, using new 
calibration data for phototube and filters) and on Hulburt solar energy curvp 
(short dashes) for air mass, M=0; all curves for 0.20-cm ozone ntp. 

may have an indirect usefulness in forecasting and 
a very important application in fundamental stud- 
ies of air movements at high altitudes. 

The total amounts of ozone determined for the 
San Augustine Pass in the Organ Mountains (in 
Dec. 1947 and Jan. 1948) are in general agreement 
with other determinations for the same latitude 
and season of the year [6, 9, 10, 11, 16], when it is 
taken into consideration that the observed values 
reported herein were made during anticyclone peri- 
ods when the ozone value should be lower than 
normal [14]. 

The author expresses appreciation to the Naval 
Research Laboratory, which jointly sponsored and 



financed this work; to John A. Reilly, James A. 
Stark, and others at the White Sands Proving 
Ground for valuable assistance in the observa- 
tional program; and to Edwin M. Margolin of this 
Bureau for assistance in the reduction of the data. 
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